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Pitfalls in the Diagnosis of Periprosthetic Valvular Regurgitation by
Pulsed Doppler Echocardiography
PATRICIA C. COME, MD, FACC
Boston. Massachusetts
Pulsed Doppler echocardiographic diagnosis of peri-
prosthetic valvular insufficiency may be difficult. This
report details the pulsed Doppler echocardiographic
findings in two patients who developed severe peri-
prosthetic mitral regurgitation after porcine mitral valve
replacement. In both patients, mitral regurgitation was
difficult to diagnose and left atrial turbulence, when de-
tected, appeared localized, suggesting only mild mitral
regurgitation. However, the combination of abnormally
high peak transmitral diastolic flow velocity, with a nor-
mal pressure half-time, and increased flow velocity in
Doppler echocardiography has greatly improved both the
noninvasive recognition of valvular regurgitation and esti-
mation of its severity (1-9). In patients with a prosthetic
valve , however, localization, detection and quantitation of
periprosthetic regurgitation may be difficult (6,7). The two
cases reported here, both manifesting severe periprosthetic
mitral regurgitation difficult to detect by pulsed Doppler
echocardiography, illustrate the special considerations nec-
essary for evaluating the patient with suspected prosthetic
valve dysfunction.
Case I
A 33 year old man with a prosthetic mitral valve was
self-referred from Jamaica for treatment of severe conges-
tive heart failure and Staphylococcus epidermidis endocar-
ditis. He had known rheumatic heart disease, and 12 years
before admission had undergone mitral valve replacement
with a prosthesis fashioned out of Dacron material and ap-
parent animal leaflet tissue. Dyspnea on exertion had been
noted for 2 years .
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the tricuspid regurgitant jet compatible with severe pul-
monary hypertension, in the absence of other apparent
left heart disease, suggested the correct diagnosis of se-
vere mitral regurgitation in both cases. Techniques for
optimal pulsed Doppler assessment of the mitral anulus
region are emphasized, as are the theoretic advantages
of continuous wave and color-coded pulsed Doppler
echocardiography for detection of periprosthetic regur-
gitation.
(J Am Coil Cardiol 1987;9:1176-9)
On admission. his heart rate was 170 beats/min and ir-
regular, respiratory rate was 36/min, blood pressure 100/60
mm Hg and temperature IOloF. The jugular veins were
distended to the angle of the mandible with the patient
sitting, rales were heard throughout the lung fields and there
were apical holosystolic and diastolic rumbling murmurs .
He was treated with intravenous antibiotics, and his heart
rate in atrial fibrillation was slowed, but severe symptoms
of dypsnea continued. Catheterization revealed severe mitral
stenosis, 2 + aortic regurgitation , pulmonary artery and pul-
monary capillary wedge pressures of 60/38 and 30 mm Hg,
respectively, and a cardiac index of 2.2 liters /min per rrr' .
He underwent urgent heart surgery with replacement of the
aortic valve , excision of the mitral prosthesis and insertion
of a porcine valve and a DeVega tricuspid valve anuloplasty.
The surgeon noted difficulty sewing the mitral valve in
posteriorly because of a mitral anulus abscess ; therefore,
the posterior portion of the prosthesis was sewn to scar tissue
and left ventricular muscle. Gram stain of the valve revealed
gram-positive cocci in clusters. The patient was discharged
with gradually decreasing signs of mild to moderate right
heart failure after 6 weeks of antibiotic therapy.
He was readmitted 3 days later with increased weight
and signs of increasingly severe right heart failure , char-
acterized by jugular venous distension to the angle of the
jaw, enlarged liver, ascites and edema to the level of the
midcalf bilaterally. There was a right ventricular impulse,
and a grade 3-4/6 holosystolic murmur at the left sternal
0735-1097/87/$3.50
lACC Vol. 9. No. 5
May 1987:11 76- 9
COME
DOPPLER IN PERIPROSTHETIC REGURGITATION
1177
Figure 1. Patient I. Apical four chamber view. with
Doppler sample volume placement on the atrial side
of the tricuspid valve (TV) (left panel) permits re-
cording of tricuspid regurgitation (r ight panel). The
increased flow velocity of 4.1 mls in the tricuspid re-
gurgitant jet suggests a right ventricular systolic pres-
sure (RVSP) of at least 67 mm Hg plus the height of
the right atrial pressure (RAP). LV = left ventricle;
RA = right atrium; RV = right ventricle; V = max-
imal velocity in the tricuspid regurgitant jet.
border was thought to represent tricuspid regurgitation be-
cause it increased with inspiration. The lungs were clear.
and the chest X-ray film revealed no evident pulmonary
venous congestion.
Echocardiographic study. This revealed a dilated left
atrium (4.8 em) but normal-sized left ventricle with excel-
lent left ventricularwall thickening. The porcine mitral leaf-
lets appeared normal. There was no detectable mitral re-
gurgitation within the left atrium on apical and parasternal
views. The initial flow velocity across the mitral valve was
increased at 220 cm/s, but the pressure half-time was not
increased at 70 ms. A systolic Doppler signal of tricuspid
regurgitation was recorded to the back wall of an enlarged
right atrium and extended into the inferior vena cava and
hepatic veins. compatible with severe tricuspid regurgita-
tion. Flow velocity within the tricuspid regurgitant jet sug-
gested a pulmonary artery systolic pressure of at least 67
mm Hg plus the height of right atrial pressure (Fig. I). a
value significantly higher than the preoperative value for
pulmonary arterysystolicpressureat cardiaccatheterization.
Despite clear lungs and lack of detectable mitral regurgi-
tation by Dopplerstudy, persistent and increasing elevation
.. .~-:;.",!::-;:-~~-..-.-'J-- -
-
EKG
Figure 2. Patient 2. The parasternal
long-axis view (left panel) demon-
strates a relatively echo-free space (SP)
between the porcine stents (ST) and
thejunction of the leftatrium(LA) and
left ventricle (LV) posteriorly . Mitral
regurgitation could not be recorded in
this particular view, but with a slight
change in transducer angulation(mid-
dle panel), a holosystolic signalof mi-
tral regurgitation (right panel be-
tween the two black arrows) could
be detected in this region. AO = aor-
tic root; CS = coronary sinus; DA =
descending aorta; EKG = electrocar-
diogram; RV = right ventricle.
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of pulmonary artery pressure by Doppler analysis suggested
possible prosthetic mitral valve dysfunction. Cardiac cath-
eterization was performed, with detection of 4 + mitral re-
gurgitation, normal left ventricular function and pulmonary
artery and capillary wedge pressures of 88/46 and 33 mm
Hg, respectively.
The patient was recalled to the echocardiographic lab-
oratory to determine why mitral regurgitation had not been
detectable. A small echo-free space between the posterior
aspect of the porcine mitral valve and the heart wall sug-
gested communication between the left ventricle and left
atrium (Fig . 2) . When the space was best visualized, Dop-
pler signals of mitral regurgitation could not be obtained
within it. However, with a slight change in transducer an-
gulation, signals of mitral regurgitation were detected in
that area only . At reoperation, a paravalvular leak was con-
firmed and repaired with a Dacron patch. The tricuspid valve
was replaced with a porcine prosthesis. There was no evident
recurrent endocarditis .
Case 2
A 59 year old woman was evaluated for probable pros-
thetic mitral valve dysfunction. After rheumatic fever during
childhood, she had developed mild aortic regurgitation and
significant mitral stenosis, which necessitated mitral valve
replacement with a 29 mm Hancock prosthesis at age 51.
She was well until I year before evaluation, when she began
to experience progressive exertional dyspnea and cyanosis .
On physical examination , her heart rate was 60 beats/min
and irregularly irregular, and there was jugular venous dis-
tension to the angle of the mandible, with prominent CV
waves. A hyperdynamic left ventricular impulse was lat-
erally displaced, and there was a grade 3/6 holosystolic
murmur maximal at the apex, but heard throughout the
precordium. A short apical diastolic rumble and a grade 1/4
decrescendo diastolic murmur at the left sternal border were
also audible . The liver was enlarged and pulsatile.
Echocardiographic study. This revealed a dilated left
atrium (6.4 em) and right ventricle (2.8 cm) . Left ventricular
end-diastolic diameter was normal at 5.0 cm, but wall move-
ment was very vigorous, compatible with left ventricular
volume overload. The porcine mitral leaflets appeared nor-
mally thin. Initial mitral diastolic flow velocity was in-
creased at 220 cm/s, but pressure half-time was normal for
a porcine prosthesis at 95 ms. A small echo-free space was
detected between the prosthesis and the posterolateral wall
(Fig. 3), with associated slight rocking movement of the
prosthesis, suggestive of partial dehiscence. On Doppler
study, mitral regurgitation could not initially be detected
with sample volume placement between the stents or within
the body of the left atrium on parasternal or apical views .
A localized signal of mitral regurgitation, however, was
recognized with sample volume placement in the echo-free
Figure 3. Patient 2. Apical four chamber view demonstrating an
echo-free space (SP) in the posterolateral mitral anulus region. It
was only in this area and immediately adjacent to the posterolateral
wall of the left atrium (LA) that signals of mitral regurgitation
could be recorded. ST = stents of the porcine prosthesis; other
abbreviations as in Figures ) and 2.
space, and this signal could be followed to the back wall
of the left atrium along the posterolateral wall . Doppler
signals of tricuspid regurgitation, with increased flow ve-
locity compatible with pulmonary hypertension, and of aor-
tic insufficiency were also detected. The patient underwent
cardiac catheterization, which confirmed significant mitral
regurgitation, and subsequently had successful re-replace-
ment of the mitral valve, with operative findings of partial
inferior and posterior dehiscence of the porcine prosthesis .
Cultures were negative.
Discussion
Diagnostic role of pulsed Doppler echocardiography.
This technique has been reported to have a sensitivity of 87
to 94% and a specificity of 77 to 96%, relative to cine-
ventriculography, in detection of native mitral valve regur-
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gitation in patients with a variety of underlying cardiovas-
cular diseases (1-5). It has also been used to successfully
detect malfunction (either stenosis or regurgitation, or both)
of prosthetic valves (6-9). Evaluation of prosthetic valve
regurgitation, however, is technically more difficult than
that of native mitral regurgitation, and the interpretation of
positive findings is not always clear (6-9). Doppler signals
compatible with regurgitation may be detected, for example,
in a large number of patients with an apparently normally
functioning prosthesis. In one recent series (9), mitral re-
gurgitation was detected by Doppler study in 11, 19 and
30%, respectively, of patients with Bjork-Shiley, porcine,
and Starr-Edwards valves, all of which appeared to be func-
tioning normally by clinical criteria.
Diagnosis of prosthetic valve regurgitation. Recog-
nition of prosthetic mitral regurgitation may be difficult for
two major reasons. First, the intense echogenicity of bio-
prosthetic stents and of mechanical valves may so attenuate
the ultrasound beam on its forward and return journeys that
flow cannot be recorded within the left atrium. This problem
is particularly important when apical transducer positions
are used. Second, in periprosthetic mitral regurgitation, it
appears that regurgitant jets are usually eccentric (6). As in
our second patient, the jet may hug the wall of the left
atrium, producing less turbulence within the body of the left
atrium than is generally the case with native valve regur-
gitation or with prosthetic intravalvular insufficiency. Given
the potential pitfalls in echocardiographic detection of pros-
thetic regurgitation, including such severe regurgitation as
was present in our patients, thorough Doppler exploration
is necessary, using multiple transducer positions and angles
of interrogation. Problems with acoustic shadowing due to
mitral prostheses can usually be minimized, for example,
when the body of the left atrium is interrogated using par-
asternal long- and short-axis views and subcostal views, in
which the ultrasound beam can pass to and from the left
atrium without striking prosthetic hardware. The detection
of periprosthetic regurgitation can be enhanced if the atrio-
ventricular groove is interrogated throughout its entire 3600
circumference using a parasternal short-axis view and an
apical view, with rotation of the transducer. Such thorough
evaluation of the entire body of the left atrium and of the
junction of the left atrium and left ventricle is mandatory
in any patient with a mitral prosthesis who has unexplained
signs or symptoms of pulmonary hypertension or left heart
failure that develop or persist after prosthetic valve implan-
tation or whose initial mitral valve flow velocity is increased
beyond the expected normal range for a mitral prosthesis
(7,8).
Alternative Doppler techniques. In the patient with
clinically suspected regurgitation that cannot be detected by
careful pulsed Doppler sampling, two alternative Doppler
techniques may facilitate diagnosis. Continuous wave Dop-
pler echocardiography uses a wider beam width than does
the pulsed Doppler technique and samples along the entire
axial beam. Although continuous wave Doppler study can-
not define the extent (length, width) of valvular regurgitation
in any given plane, it is more sensitive than pulsed Doppler
echocardiography in recognizing flow disturbances (10).
Color-coded pulsed Doppler echocardiography samples the
entire area of the left atrium in any given plane. It should
theoretically, therefore, improve on both pulsed Doppler
echocardiography in recognizing mitral regurgitation, and
on continuous wave echocardiography in determining the
spatial extent of mitral regurgitation.
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